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ABSTRACT
Objective. The aims of our study were 
to investigate the prevalence of ultra-
sound (US) abnormalities in the foot of 
patients with rheumatoid arthritis (RA) 
and to compare them with the clinical 
findings.
Methods. One hundred RA patients 
were enrolled in the study. Bilateral US 
examination of metatarsophalangeal 
(MTP) joints, proximal interphalan-
geal (PIP) joints, midfoot joints (tal-
onavicular, calcaneo-cuboid, medial, 
intermediate and lateral navicular-
cuneiform and cuneiform-metatarsal 
joints and cuboid-4th and 5th metatar-
sal joints) were examined for synovitis 
and erosion. In addition the plantar 
fascia and the insertion of the anterior 
and posterior tibialis and peroneous 
brevis tendons were imaged.
Results. Effusion with synovial pro-
liferation was visualised only at MTP 
joints in 84 out of 200 (42%) feet, at 
MTP plus at least one joint of the mid-
foot in other 41 out of 200 (20%) feet 
(making a total of 125 out of 200 (62%) 
MTP joints) exclusively in one or more 
joints of the midfoot in 7 out 200 (3%) 
feet, in the PIP joint of the 2nd and 
3rd toes in 3 (1.5%) and 4 (2%) feet 
respectively, while no effusion with 
synovial proliferation was visualised 
in the PIP joint of the 4th and 5th toes. 
Synovitis was present most frequently 
in the 2nd MTP joint whilst erosions 
were most frequently imaged in the 5th 
MTP joint. 
Conclusion. US examination appears 
to be a useful imaging technique to 
study joint and tendon involvement of 
the foot in RA patients. Moreover, US 
examination of the foot is more sensitive 
than clinical examination in the detec-
tion of joint inflammation and allows for 
a better understanding of the features 
and the progression of the disease.
Introduction
The hallmark of rheumatoid arthritis 
(RA), a systemic autoimmune disorder 
characterised by inflammation and syn-
ovial proliferation, is the involvement 
of the small joints of the hands and feet 
resulting in painful swelling and joint 
deformity.  
It is known that musculoskeletal ultra-
sound (US) plays a key role in the de-
tection of joint and tendon abnormali-
ties in rheumatic diseases (1-7). It has 
become an established method to evalu-
ate joint effusion, synovitis, tendon pa-
thology and erosive bone changes in 
RA and is being increasingly used in 
rheumatological practice (8, 9) 
The metatarsophalangeal (MTP), meta-
carpophalangeal (MCP) and proximal 
interphalangeal (PIP) joints have been 
the subjects of several US studies in ar-
thritis and standardised US scores based 
on such joints and wrist examination 
have been developed to evaluate dis-
ease activity and therapeutic response 
(10-13). Few studies have, however, 
used the US tool to focus on the articu-
lar and periarticular alterations in the 
tarsal joints in RA (14, 15).
The aims of our study were to investi-
gate the prevalence of US pathologic 
abnormalities in the foot of RA patients 
and to compare them with the clinical 
findings.
Methods and patients
This multicentre study was conduct-
ed in 4 Italian Rheumatology Units 
(Rheumatology Unit of University 
of Pisa, Università Politecnica delle 
Marche, University of Pavia, the 
Sapienza University of Rome) and 
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in the Rheumatology Department of 
Antrim Hospital, Northern Ireland, 
UK. In each unit, gray-scale and power 
Doppler examinations were performed 
by a rheumatologist well experienced 
in musculoskeletal US who was blind 
to both clinical and laboratory patients 
data. US examinations were carried 
out using a Logiq 9 (General Electrics 
Medical Systems, Milwaukee, WI) with 
a linear probe operating at 14 MHz and 
a My Lab70 XVG (Esaote SpA, Genoa, 
Italy) equipped with a multifrequency 
linear probe (16 MHz). At baseline an 
agreement was obtained by the sonog-
raphers on both the scanning technique 
to adopt and the definition of the patho-
logical findings sought.
Clinical assessment
Prior to US examination all the pa-
tients were clinically assessed, accord-
ing to standard techniques (16), for the 
presence/absence of pain, tenderness 
(elicited by palpation and/or active or 
passive mobilisation) and swelling of 
MTP, PIP and midfoot joints by a rheu-
matologist not involved in US exami-
nation. In total, 200 feet of 100 patients 
were examined.
Patients 
One hundred RA patients (28 males 
and 72 females, mean age: 56±14.8 
years, ranging from 21 to 80 years; 
mean disease duration: 65±75 months, 
ranging from 6 to 372 months), attend-
ing the out-patient and the in-patients 
of the Rheumatology Units involved 
in the study, were enrolled. RA was 
diagnosed according to the American 
College of Rheumatology classifica-
tion criteria (17). Patients with previous 
joint surgery or who had received cor-
ticosteroid injection of the foot within 
the previous 3 months were excluded. 
US scanning technique
Using a multiplanar scanning tech-
nique, according to EULAR guidelines 
for musculoskeletal US in rheumatol-
ogy, bilateral US examination of foot 
was performed as follows:
a)  MTP joints of the 2nd, 3rd, 4th and 
5th toes were examined for synovitis 
from the dorsal and plantar aspects. 
Erosions were detected from the dorsal 
and plantar aspects in the 2nd, 3rd and 
4th MTP and from the dorsal, plantar, 
and lateral in the MTP joint of the 5th 
toe. The big toe was not included in the 
examination, as effusion and bone ir-
regularity are frequently encountered 
in the asymptomatic population (10).
b)  PIP joints of the 2nd, 3rd, 4th and 
5th toes were examined for synovitis 
and erosions from the dorsal aspect.
c)  the talonavicular (TN), the calcaneo-
cuboid joints (CC), the medial, interme-
diate and lateral navicular-cuneiform 
(NC) and cuneiform-metatarsal joints 
(CM)  and the cuboid-4th and 5th meta-
tarsal joints (CMT4 and CMT5 respec-
tively) were also evaluated for synovitis 
and erosions. For the purposes of this 
study we termed the complex of such 
joints as “joints of the midfoot”.
d)  the plantar fascia was imaged and 
thickening and/or power Doppler sig-
nal, or the presence of enthesophytes 
and rupture were recorded where ap-
propriate.
e)  the insertion of anterior tibialis ten-
don at the 1st metatarsal bone, the pos-
terior tibialis tendon at navicular bone 
and of peroneous brevis tendon at the 
5th metatarsal bone were examined 
for thickening and/or power Doppler 
signal and for the presence of entheso-
phytes and rupture.
The study was conducted according to 
the Declaration of Helsinki and local 
regulations and informed consent was 
obtained from all patients.
US image interpretation
Joint effusion, synovial hypertrophy, 
bone erosion, enthesopathy and tendi-
nopathy were diagnosed by US ac-
cording to the preliminary definitions 
provided by the Outcome Measures in 
Rheumatoid Arthritis Clinical Trials 
(OMERACT) Special Interest Group 
for Musculoskeletal Ultrasound in 
Rheumatology (18). A semi-quantita-
tive grading method (0–3) for scoring 
joint effusion, synovial proliferation 
and intra-articular power Doppler (PD) 
signal was used (19). 
Results
Effusion with synovial proliferation 
was visualised only at MTP joints in 84 
Table I. Pathological findings detected by US examination of the metatarsophalangeal 
joints in rheumatoid arthritis patients.
US findings MTP2 MTP3 MTP4 MTP5  
Joint effusion 70/200 63/200 36/200 32/200
  (35%)  (31%) (18%) (16%) 
Proliferative  53/200 47/200  25/200 30/200
synovitis (26%) (23%) (12%) (15%)
Intra-articular 23/200 17/200 9/200 11/200
power Doppler (11%) (8%) (4.5%) (5.5%)
Bone erosions 9/200 10/200 3/200 101/200
 (4.5%) (5%) (1.5%) (50.5%)
Metatarsophalangeal joint of the 2nd, 3rd, 4th and 5th toes = MTP2, MTP3, MTP4, MTP5
Table II. Relationship between US and clinical findings indicative of joint inflammation in 
all groups of feet examined. 
 Clinical findings 
US findings  Presence Absence Total
Joint effusion Presence 107 28 135
(MTP, PIP, midfoot joints) Absence 30 35 65
 Total 137 63 200
Foot joint inflammation: effusion with synovial proliferation at least at one MTP and/or PIP, and/or 
midfoot joints. 
Clinical findings: pain and/or swelling  at least at one MTP and/or PIP, and/ or midfoot joints.
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out of 200 (42%) feet, at MTP plus at 
least one joint of the midfoot in other 
41 out of 200 (20%) feet [making a to-
tal of 125 out of 200 (62%) MTP joints] 
exclusively in one or more joints of the 
midfoot in 7 out of 200 (3%) feet, in 
the PIP joint of the 2nd and 3rd toes in 
3 (1.5%) and 4 (2%) feet, respectively, 
while no effusion with synovial prolif-
eration was visualised in the PIP joint 
of the 4th and 5th toes. In Table I we re-
ported the prevalence of effusion with 
synovial proliferation and erosions in 
the MTP joints. 
The most frequently involved joint in 
our patients was the 2nd MTP with 
synovitis in 70 (35%) feet (in 24 pa-
tients bilaterally) with PD signal in 23 
and erosions in 9 feet. As previously 
reported, we examined MTP joints for 
synovitis from the dorsal and plantar 
aspect. Very interestingly, in the 2nd 
and 3rd MTP joints, effusion with syn-
ovial proliferation was visualised in 3 
and 7 feet, respectively, exclusively by 
US examination performed from the 
plantar aspect.
Among the joints of the midfoot, TN 
joint was the more frequently involved 
with synovitis imaged in 36 feet (in 11 
patients bilaterally) with PD signal in 
17 and erosive changes in 27. Effusion 
was rarely seen at the intermediate and 
lateral CM joint and the CMT4 and 
CMT5 (in 2 and 1 and in 1 and 4 feet, 
respectively) and erosion only in lateral 
CM joint and CMT5 of 2 feet. 
In 65 feet, no effusion and/or synovial 
proliferation were detected in any joint.
Bone erosions could be visualised at 
each joint examined, both at the mid-
foot and forefoot level, but the most 
common were seen at the 5th MTP 
joint since erosive changes have been 
shown in almost half the feet, in 101 
feet to be precise. 
We observed plantar fascia-thickening 
in 16 feet (bilaterally in 4 patients) with 
no sign of rupture and plantar calcaneal 
enthesophytes in 20 out of 200 feet.
Anterior and posterior tibialis tendon 
insertion thickening was shown in 10 
and 6 feet respectively. Bilateral par-
tial tears of the posterior tibialis tendon 
were detected in one patient. No abnor-
malities of the peroneous brevis tendon 
were visualised.
At the time of the US examination, 
85 out of 100 (85%) patients reported 
symptoms of pain in the midfoot and/
or forefoot and 55 out of 100 (55%) 
also showed swelling of MTP and 38 
of 100 (38%) at midfoot region. The 
exact agreement between clinical and 
US findings was 71%. Table II illus-
trates the relationship between US and 
clinical findings indicative of feet joint 
inflammation.
Discussion
Foot involvement is an important cause 
of disability in RA and imaging tech-
niques, such as US and MRI, have been 
used to evaluate chronic inflammatory 
changes in the joints and tendons at 
foot level (11, 13, 15, 20). Szkudlarek 
et al. showed that the use of US allows 
detection and grading of destructive 
and inflammatory changes in the MTP 
joints of patients with RA and the re-
sults are concordant with those of MRI 
(13). A comparative study of clinical 
examination, US and high field MRI 
for the detection of rearfoot and mid-
tarsal joint synovitis (including TN and 
CC joints) reported that US was more 
specific in identifying pathology in RA 
when compared to the reference stand-
ard of MRI (15).
Higher prevalence rates of forefoot pa-
thology detectable by US than by clini-
cal examination have been reported by 
Bowen et al. (21) suggesting that US 
imaging of the foot would be more ben-
eficial than clinical examination alone 
in the refinement of diagnosis and the 
therapy monitoring.
Furthermore, in RA patients, treated 
with tumour necrosis factor blockades 
(adalimumab, etanercept, infliximab), 
PD US of the foot has been successful-
ly applied to evaluate the therapeutic 
response of these agents (22).
Fig. 1. Rheumatoid arthritis. 
A. Frequency of synovitis in 
metatarsophalangeal joints. 
The dimension of the circles 
are rapresentative of the fre-
quency of synovitis. 
B. Dorsal longitudinal scan of 
the 2nd metatarsophalangeal 
joint: joint cavity widening 
due to effusion with synovial 
proliferation. 
C. Frequency of erosions in 
metatarsophalangeal joints. 
The dimension of the boxes 
are rapresentative of the fre-
quency of erosions. 
D. Lateral longitudinal scan 
of the 5th. metatarsophalan-
geal joint: bone erosion on the 
metatarsal head (arrows). 
mt = metatarsal bone
pp = proximal phalanx
* = synovial proliferation
Grey scale US using a Logiq 
9 (General Electrics Medical 
Systems, Milwaukee, WI) 
with a 9-14 MHz linear probe.
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In our study, foot joints of 100 RA pa-
tients were evaluated by US examina-
tion. Effusion associated to synovial 
proliferation was imaged at least in one 
MTP joint of a large number of feet 
(125 feet), in 10 MTP joints detect-
able only from the plantar side. Also 
the joints of midfoot are frequently in-
volved mostly in association with MTP 
joint involvement. However, in 7 feet, 
only some joints of the midfoot, more 
frequently the TN joint, and no MTP 
or PIP joints appeared to be involved. 
Both these eventualities, which are the 
visualisation of effusion in MTP joint 
from the plantar side and the detection 
of inflammatory changes exclusively in 
some joints of the midfoot, even if rare 
must be kept in mind in order to avoid 
a US examination of the foot leading to 
erroneous conclusions.  
Bone erosion is a typical manifesta-
tion of RA and US is undoubtedly 
more sensitive than plain radiograph 
in the early detection of erosions. We 
observed erosions scattered in most 
articular sites most commonly at the 
5th MTP. Interestingly there was lit-
tle evidence of effusion seen at this 
joint (32/200) but at least one erosion 
was present in almost half of the feet. 
This observation correlates well with 
those of Grassi et al. and Sheane et 
al. (23, 24). In fact, such Authors have 
previously reported that the 5th MTP 
joint is the most common site of sono-
graphic erosion in patients with RA 
suggesting that, in the daily practice 
of the rheumatologist, US assessment 
of the 5th MTP joint must be included 
in the baseline approach to patients 
with arthritis. The rather low preva-
lence of effusion with synovial prolif-
eration at the 5th MTP compared to 
the high frequency of erosions is un-
expected and not an easily explanable 
phenomenon at the moment. We hy-
pothesize that disease duration could 
play a role in the appearance of such a 
manifestation. 
Plantar fascial and tendon involve-
ment did not appear frequently in our 
patients with a lower prevalence of 
plantar fasciitis and calcaneal entheso-
phytosis than that reported by Falsetti 
et al., who found plantar fasciitis in 
26% and calcaneal entesophytosis in 
34% of RA patients (25). Of note, in 
our study plantar fascia resulted the 
only site of active inflammation by US 
in 9 patients.
In 58 feet, discrepancies between the 
results of clinical examination and 
sonograhic evaluations have been ob-
served. In particular, in 30 feet, clinical 
examination reported joint tenderness 
but, by US, synovitis or tendon abnor-
malities were not imaged. On the con-
trary, in 28 feet, clinical examination 
failed to show pain and/or swelling at 
articular and periarticular districts but, 
by US, inflammatory synovitis was 
disclosed. Foot anatomy is complex 
and often it is difficult to differentiate 
between adjacent structures, for exam-
ple at the joints of midfoot. Studies by 
Wakefield et al. and Bowen et al. (14, 
21) suggest that clinical examination 
alone is unable to diagnose the precise 
features and extent of joint involve-
ment in RA patients, thus leading to 
incorrect and ineffective therapies. 
Patients were examined by 5 different 
sonographers and for a limited number 
of patients also a different machine 
was used. This may represent a limi-
tation to this study because US is still 
considered to be operator dependent. 
However, all the sonographers involved 
in this study have a long experience in 
the assessment of synovitis and agree-
ment on both the scanning technique 
and the definition of the pathological 
findings sought was obtained prior to 
the study commencing. Furthermore, 
it is known that moderate to good in-
terreader agreement was shown in the 
first interobserver reliability study per-
formed by 14 experts of the EULAR 
working group and these findings were 
confirmed in a larger study by Naredo 
et al. (26, 27). 
US examination appears to be a useful 
imaging technique to study joint and 
tendon involvement of the foot of RA 
patients. Moreover, US examination of 
the foot is more sensitive than clinical 
examination in the detection of joint 
inflammation and allows for a better 
understanding of  the features and the 
progression of the disease.
Future comparisons between US and 
MRI could help further understanding 
of this disease. 
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